Individuals with borderline personality disorder (BPD) display an impoverished sense of self and representations of self and others that shift between positive and negative poles. However, little research has investigated the nature of representational disturbance in BPD. The present study takes a multi-modal approach. A card sort task was employed to investigate complexity, integration and valence of self-representation in BPD. Impairment in maintenance of self and other representations was assessed using a personality representational maintenance task. Finally, functional magnetic resonance imaging (fMRI) was used to assess whether individuals with BPD show neural abnormalities related specifically to the self and what brain areas may be related to poor representational maintenance. Individuals with BPD sorted self-aspects suggesting more complexity of self-representation, but also less integration and more negative valence overall. On the representational maintenance task, individuals with BPD showed less consistency in their representations of self and others over the 3-hour period, but only for abstract, personality-based representations. Performance on this measure mediated between-group brain activation in several areas supporting social cognition. We found no evidence for social cognitive disturbance specific to the self. Additionally, the BPD group showed main effects, insensitive to condition, of hyperactivation in the medial prefrontal cortex, temporal parietal junction, several regions of the frontal pole, the precuneus and middle temporal gyrus, all areas crucial social cognition. In contrast, controls evidenced greater activation in visual, sensory, motor and mirror neuron regions. These findings are discussed in relation to research regarding hypermentalization and the overlap between self-and other-disturbance. 
have a predominantly negative self-representation. Individuals with BPD often feel inherently unacceptable, evil, and/or helpless (Westen & Cohen, 1993) . Theorists (e.g., Kernberg, 1967) argue that such negative self-appraisals are the consequence of difficulties in integrating self-representations.
Aside from abnormalities in the valence and structural arrangement of representations, theorists have routinely proposed that a major aspect of self-disturbance in BPD is impoverished identity, defined by poor understanding and maintenance of personal qualities. Individuals with BPD are thought to have a severe impairment in creating and maintaining representations of self and others (Bender & Skodol, 2007) . Relatedly, research supports that individuals with BPD have difficulty with self-other differentiation, defining the psychological boundaries between oneself and another (e.g., Beeney et al., 2015; de Bonis, De Boeck, Lida-Pulik, & Feline, 1995) . Linehan (1993) rooted the cause of impoverished identity in routine parental invalidation of a child's feelings and perceptions, which causes the child to rely on others for a definition of internal reality, inhibiting self-development. Fonagy and Bateman (2004) have described a similar process in which the lack of emotional attunement in parents towards children, particularly poor mirroring of child affect, leads to inability for the child to develop clear representations of self and others. Within Fonagy and Bateman's model, self and other-representational abilities are connected, as is mentalization, the social cognitive ability to understand the actions of self and others in terms of intentional mental states. Many theorists link self-and other-representational disturbance, implicitly or explicitly (Bender & Skodol, 2007) . These theories are consonant with recent neural findings of extensive overlap in neural networks for processing all three forms of thought (e.g., Legrand & Ruby, 2009) .
Is the self special, or just a form of social cognition?
The singularity or non-singularity of the self has implications for self and social cognitive disturbance in BPD, particularly whether difficulties with self-disturbance and social cognition are independent or intertwined. Evidence exists both for and against specific cognitive processes for self-representation. The self-reference effect, a memory effect in which information processed through the self is better recalled, provides evidence of a special cognitive and neural status for the self (Rogers et al., 1977) . Recall of self-processed information is associated with greater ventral medial PFC (vmPFC) activation during encoding (Macrae, Moran, Heatherton, Banfield, & Kelley, 2004) . The vmPFC is routinely found to differentiate self in relation to others (e.g., Kelley et al., 2002; Lomardo et al., 2010) . In a study of individuals with autism ), another population characterized by self-disturbance, researchers found individuals with autism showed less differentiation in activation in the vmPFC when mentalizing about self versus other, compared to controls. Likewise, researchers have found that the temporal-parietal junction (TPJ) is involved in control of self-and otherrepresentations, and thus may allow improved distinction of self and other (Uddin, MolnarSzakacs, Zaidel, & Iacoboni, 2006) . However, recent research has highlighted that overlapping neural networks are activated when reflecting on the self or others, suggesting a non-specialized role of the self. Two-large scale neural networks, a lower-level mirror neuron system, processing embodied simulation representations, and a higher-level cortical midline structures, processing inference-based and abstract representations (Ripoll, Snyder, Steele, & Siever, 2013) , are thought to be involved in mentalizing about both self and others (e.g., Uddin, Iacoboni, Lange, & Keenan, 2007) . In addition, though preferential activation for self in the mPFC and TPJ is plausible, Legrand and Ruby (2009) provide a review of empirical studies suggesting these areas are just as frequently active for other-versus-self contrasts. Further, these authors postulated that neural circuit, including the mPFC, TPJ, precuneus and temporal poles -are active in all tasks in which inferences are made on information retrieved from memory.
To our knowledge, no neuroimaging study has focused on aspects of self in BPD, yet researchers have examined differences in the neural networks that process social cognition. When the brain is at rest, the mPFC, medial temporal lobe, precuneus and the inferior parietal cortex exhibit higher metabolism, forming the default mode network (DMN). A large research base has connected the DMN with self-reflection, mentalization/theory-ofmind, and inner speech, among related constructs (Wolf et al., 2011) . Wolf and colleagues (2011) found increased functional connectivity within this network among individuals with BPD in the left frontopolar cortex and left insula and decreased functional connectivity in the cuneus. The mPFC/frontopolar cortex, in particular, is known to be involved in processing self-relevant information and other social stimuli, and has additionally been found to be hyperactived in BPD during social exclusion (Ruocco et al., 2010) . Interestingly, though numerous studies have identified decreased frontal activation in BPD, hyperactivation in the medial PFC and other areas related to mentalization/theory of mind, has been found in BPD using tasks assessing social cognition (e.g., Beblo et al., 2006; Ruocco et al., 2010) . Domsalla and colleagues (Domsalla et al., 2013) found hyperactivation of the dorsal medial PFC in a BPD group in a social rejection study. This activation was a main effect of group, meaning this hyperactivation was present across all social conditions (exclusion, inclusion, or the control condition). These authors suggested that individuals with BPD hypermentalize in social situations; that is, they over-interpret or overattribute mental states to others (Domsalla et al., 2013; Sharp et al., 2011 ).
Additional studies demonstrate abnormal neural activation in BPD in regions that contribute to self-processing. A meta-analysis of fMRI studies of negative emotionality (Ruocco, Amirthavasagam, Choi-Kain, & McMain, 2013) , some of which included social stimuli, showed increased activation in the insula and posterior cingulate cortex among individuals with BPD, and decreased activation in the amygdala, subgenual ACC and dorsolateral PFC. Dziobek and colleagues (2011) found decreased activation among individuals with BPD in the left superior sulcus and gyrus (STS/STG) during an empathy task. Similarly, Mier and colleagues (Mier et al., 2012) found reduced activation in the STS/STG and inferior frontal gyrus and increased activation in the amygdala while making attributions of intentions from affective facial stimuli. The STS/STG has strong connections to both the amygdala and prefrontal areas, a network which is involved in numerous social cognitive processes (Uddin et al., 2007) .
Current Study
We used a multi-modal framework. Methods included a self-aspects card sort task, selfreport, a self-and other-representation maintenance task, and an fMRI self-and otherreflection task. Given the theoretical literature, and limited research, we hypothesized that individuals with BPD would identify self-aspects with greater complexity, but less integration of negative and positive traits, as well as more negative self-appraisals. We also hypothesized that individuals with BPD would show a poorer ability in maintaining representations of self-and others, specific to personality, rather than physical traits. Given theory and neuroscience research suggesting overlapping neural mechanisms of self-and other-representation and other forms of social cognition, we hypothesized individuals with BPD would not show functional neural abnormalities specific to self, other or perspective taking conditions, but would evidence hyperactivation in brain areas related to social cognition, irrespective of condition. This hypothesis is consistent with a number of studies in BPD which find lack of group x condition interactions using social tasks (e.g., Domsalla et al., 2013; Mier et al., 2012) . We did, however, expect group differences in maintaining representations of self and others would mediate activation in the mirror-neuron and CMS networks (Uddin et al., 2007) .
Method
Participants-Participants were 38 (BPD = 17, Controls = 21) right-handed females between the ages of 18 and 60. Demographic characteristics are detailed in Table 1 . In the BPD group, seven (41%) participants had mood disorders, six (35%) had anxiety disorders, four (24%) had Post-Traumatic Stress Disorder, four (24%) had alcohol-related disorders, and three (18%) had somatoform or eating disorders. In the control group, 3 (14%) participants had lifetime MDD diagnoses and 2 (10%) met for past alcohol abuse. BPD participants were recruited from a community mental health clinic at The Pennsylvania State University. Control participants were community residents. Among all participants, individuals were excluded who were left-handed, had a significant medical illness or who met lifetime diagnostic criteria for psychotic disorders, bipolar I, delirium, dementia, traumatic brain injury, and/or mental retardation. HC participants were excluded with current DSM-IV-TR Axis I or II diagnoses, suicidal or self-injurious behaviors, or more than two cluster-B personality disorder criteria.
Participants were evaluated using the Structural Clinical Interview for DSM-IV (First, Spitzer, & Williams, 1997) and the International Personality Disorder Examination (Loranger, Janca, & Sartorius, 1997) . Doctoral-level therapists, trained to reliability, conducted the clinical evaluations under the supervision of a licensed psychologist. Final diagnoses were established at an evaluation conference using the LEAD standard (Spitzer, 1983) . This method involves using all available clinical data to establish a "best-estimate" diagnosis (Pilkonis, Heape, Ruddy, & Serrao, 1991) . Second raters viewed video of diagnostic interviews on a subset of cases (n=15, BPD = 9, HC = 6). Kappas (κ) for Axis I diagnoses ranged from .67 to 1.0 and Kappas (κ) for personality disorder diagnoses ranged from .74 to 1.0 (κ = .89 for BPD diagnosis). These ranges are considered substantial agreement to almost perfect. Intraclass correlation coefficients were .94 for number of BPD criteria and .98 for BPD dimensional scores. BPD dimensional scores were calculated as the sum of all ratings for consensus-rated IPDE BPD criteria. Clinician-rated BPD dimensional scores were correlated with self-report and performance-based data in table 3. Participants were not excluded for medication use. For individuals with BPD, 10 participants took medications. Of these, 7 participants took antidepressants, 4 took antipsychotics, 5 took mood stabilizers and 3 took anxiolytics. Two control participants took antidepressants.
On the day of the scan, participants were consented and provided a number of self-report measures to complete. The first self-report measure was self-and other-representational trait measure. Participants then completed the fMRI task. Following scanning, participants completed self-report measures, the self-aspects card sort task, and completed the post-test of the self-other representational trait measure at 3-hours past the time of the first administration.
Self-Aspects Card Sort Task-Participants were provided a deck of 40 trait cards (20 positive and 20 negative; see Showers, Abramson, & Hogan, 1998) and asked to sort the cards into different groups, with each group describing a distinct aspect of self. Extensive research has investigated aspects of self, related to a personality-trait sorting task. A number of authors (e.g., Brown & Rafaeli, 2007; Locke, 2003) have provided evidence that selfcomplexity is best assessed by computing separate indices for 1) the number of self-aspects created in a sort (NASPECTS) and 2) the overlap of content among these self-aspects (OL). Studies suggest that both NASPECTS (Rothermund & Meiniger, 2004) and OL (Cohen, Spiegler, Young, Hankin, & Abela, 2014; Constantino et al., 2006) are associated with increased depressed mood in response to stressors and have incremental validity over other measures in predicting self-related variables (Luo, Watkins, & Lam, 2009 ). Evaluative integration (Showers & Kling, 1996) , is assessed by the phi statistic, which ranges from 0 to 1 (1 describing a self-concept that is perfectly organized by valence, and 0 a perfectly random sort with respect to valence). Research suggests that high phi scores are associated with vulnerability of self-esteem to negative events (Ziegler-Hill & Showers, 2007) and with mood disorder symptoms (Power, de Jong, & Lloyd, 2002) . The phi statistic also shows good temporal stability (Showers et al., 1998) . A fourth metric is proportion of all cards sorted that are positive, assessing valence of self-representation.
Self-and Other-Representation Maintenance-Consistency of self-representation is the tendency to maintain a similar self-representation across situations and at different times. Researchers have frequently used lists of traits to evaluate aspects of self-representational consistency. Greater consistency over time and across situations has been linked to wellbeing (e.g., Sheldon, Ryan, Tawsthorne, & Ilardi, 1997), and higher self-esteem (e.g., Campbell, 1990) . Individuals with greater self-consistency are also less susceptible to the negative influence of others (Morse & Gergen, 1970) . We examined self-consistency over time rather than across relationships or situations, because such an approach is less susceptible to presentation bias, and not dependent on culture (English & Chen, 2007) . In addition, BPD is frequently characterized by a difficulty in maintaining representations of self and others, which is better addressed by assessing self at different time points. Participants rated how well 37 different traits described their own personality and the personality of a close friend. Traits used here and within the fMRI task (consisting of different sets) were selected from previous research (Anderson, 1968) , and for high degree of use in the English language. An additional 23 traits related to physical features of themselves and other were also used. Participants rated all traits twice, separated by 3 hours.
Self-Other Differentiation-The Differentiation of Self Inventory (DSI; Skowron & Friedlander, 1998 ) is a 43-item self-report measure assessing four aspects of differentiation in current relationships. "I" Position reflects the degree to which a person has a defined sense of self (e.g., 'I usually do not change my behavior simply to please another person'). Fusion with Others reflects emotional overinvolvement (e.g., 'When my spouse or partner is away long, I feel like I am missing a part of me'). Emotional Reactivity reflects reactivity to environmental stimuli ('If someone is upset with me, I can't seem to let it go easily'). Emotional Cutoff reflects fears of engulfment, and efforts to distance oneself (e.g., 'When one of my relationships becomes very intense, I feel the urge to run away from it'). Higher scores indicate more differentiation. Research has found the measure to reliable and valid (Skowron & Friedlander, 1998) . fMRI Task-The task was based on D'Argembeau and colleagues (2007) and consists of evaluating personality traits. Participants were asked to identify a friend with whom they were close. Evaluation targets were arranged in a 2×2 factorial design with the following conditions: a) first-person, self (Are you kind?), b) first-person, other (Is Julie kind?), c) third-person, self (According to Julie, are you kind?), and d) third-person, other (According to Julie, is she kind?). Each block consisted of four 5-sec trials, in which four questions within the same condition were presented. Traits for each trial were pulled randomly from a list of 160 personality traits, with 40 traits presented per condition. All blocks were separated by a 7-12 second inter-trial interval.
fMRI data collection and analysis
Functional data were collected with a 3T Siemens Tim Trio scanner, with 4 runs of 127 T2* images (TR: 2500 ms, TE: 25ms, 36 interleaved slices, 3.44mm in-plane resolution, 3.4-mm slice thickness, no gap). Data were preprocessed using AFNI (Cox, 1996) and FSL 5.0.2 software (Jenkinson, Beckmann, Behrens, Woolrich, & Smith, 2012) . Specific preprocessing steps were: 1) removal of transient signal spikes caused by large head movements or MRI artifacts (3dDespike); 2) slice-timing correction (slicetimer); 3) motion correction using sinc interpolation (mcflirt); 4) removal of non-brain voxels (bet); 5) co-registration of the functional scan to the structural scan; 6) spline-based warping of functional scans to the MNI stereotaxic space using both 12-parameter linear and cubic spline nonlinear transforms based on the structural scan (flirt and fnirt); 7) nonlinear spatial smoothing using a 5mm full width at half maximum kernel (susan); and 8) grand median intensity rescaling (3dcalc). As part of the warp to MNI space, data were resampled to 3mm cubic voxels for further analysis. We included 6 motion parameters in the single-subject analyses, as well as spike regressors that censored volumes where change in global intensity was above the 75th %ile + 1.5*IQR cutoff.
Neural activation for each subject was calculated using general linear model (GLM) analyses. Contrast estimates, as well as their standard errors, were used as the inputs for the mixed-effects group analyses computed using FSL's FLAME software. In addition, we used a small-volume correction to probe areas related to self-representation in past research. As articulated above, a central question of our study was whether BPD is characterized by a specific problem with self-representation, so small volume correction was an important step to reduce the risk of Type II errors. To generate a mask containing only voxels relevant to self and other representations, we performed a meta-analysis using Neurosynth (Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011) . We generated a reverse inference map based on a union of the terms "self," "self-reflection," and "perspective". This software performs a meta-analysis derived from studies applicable to the search terms used. The meta-analysis generated a mask included large clusters in brain regions (e.g., mPFC, bilateral TPJ, temporal poles, precuneus, inferior frontal gyri), determined a priori to be involved in self-and other-processing. Relevant voxels were included by thresholding the map at p < .05, FDR corrected, voxel extent = 20. To allow for anatomical variability across subjects, the mask was dilated once, resulting in 7115 candidate voxels. Using this mask for cluster correction simulations, clusters of 19 or more voxels were significant at cluster p < . 05, voxel p < .005.
To interrogate a potential psychological basis of the substantial group differences in taskrelated neural activating, we ran a voxelwise mediation analysis (Preacher & Hayes, 2008) to test whether task-related differences in activation across groups were mediated by personality representation maintenance. We chose personality representation maintenance as a mediator because it represents a performance-based index (making it less susceptible to demand characteristics or self-insight) and has been well researched. In addition, the difficulty in activating a consistent representation of oneself and others is believed to be a central aspect of BPD. Mediation was conducted using the BRAVO Toolbox (Verstynen & Weinstein, 2011) , which applies the approach of Preacher and Hayes (2008) to statistics for each voxel. Group (BPD v. control) served as the IV, personality representation maintenance the mediator, and brain activation the DV. To focus on brain areas in which some group difference was evident, we constrained analyses to voxels that were significantly different between groups at p < .1 in the main effect group map. Mediation significance tests were based on the product of the group → consistency and consistency → representation activation coefficients, and p-values were calculated using bias-corrected nonparametric bootstrapping (Verstynen & Weinstein, 2011) .
Results

Card-Sort Indices
Table 2 details group differences on card-sort indices. As expected, participants with BPD created sorts with less integrated self-concepts compared to healthy controls. Also as predicted, individuals with BPD had a higher proportion of negative traits contained in their sorts. BPD participants generated more self-aspects on average compared to healthy participants.
Maintenance of self-and other-representations
Maintenance of self-representation was assessed by within-person correlations of participant ratings with their ratings 3 hours later. A 2×2×2 mixed-design ANOVA, with group, selfother target, and personality versus physical traits as factors examined the influence of these conditions on maintenance of trait ratings. We omitted one BPD participant who had low consistency (r=.16). The within-subjects main effect of trait type (physical v. personality), F(1, 35) = 6.24, p = .028, η 2 = .13 and the between-subjects group effect were both significant, F(1, 35) = 5.62, p = .023, η 2 = .14. These main effects were qualified by a twoway interaction between group and trait type (physical versus personality), F(1, 34) = 6.74, p = .028, η 2 = .16. Comparison of estimated marginal means revealed BPD participants were less consistent in rating personality traits, M = .78, SD = .03, 95% CI = .72-.82, but not physical traits M = .83, 95% CI = .77-.88, compared to control personality traits, M = .88, SD = .02, 95% CI = .83-.93, or physical traits M = .89, SD = .03, 95% CI =.83-.94 (see figure 1 ).
Self-report
Table 2 details group differences on measures of self-representation. As expected, examining the DSI scale, the BPD group evidenced less differentiation between themselves and others overall, and differed on all subscales of the measure in the expected direction. Table 3 details correlations between self-report and performance based measures.
fMRI task and neural analyses
Reaction times for the fMRI task were different based on condition F(3, 108) = 2.72, p=. 048, but there was no group or group x condition interaction. Pairwise tests revealed participants answered first-self (M = 1770.87ms, SE = 76.90) and first-other (M = 1760.70ms, SE = 76.90) conditions faster than third-other (M = 1886.30ms, SE = 101.60) conditions (ps < .05). In order to determine the effects of group, target (self vs. other) and perspective (third vs. first) on brain activation, a 2 × 2 × 2 random-effects ANOVA was run. To control for familywise error, we used cluster correction based on Monte Carlo simulations estimated in AFNI 3dClustSim based on the residual smoothness of the data. We chose a corrected cluster threshold of p < .05, with a voxel-wise threshold p < .001, resulting in a minimum cluster size of 30 voxels. At this threshold, no significant clusters remained for the group x target x perspective interaction. In addition, no cluster survived this threshold for the group x target or group x perspective interactions. There were, however, significant main effects for group, target, and perspective, which are presented in Table 3 . Because there was no significant activation for any interaction, we interpreted the main effects.
The third-person > first-person contrast yielded greater activation in the lingual gyrus, occipital cortex, precuneus, and angular gyrus. Contrasting self-representation > otherrepresentation, there was greater activation the medial prefrontal cortex (mPFC), extending to the rostral and dorsal anterior cingulate cortex (rACC and dACC); a cluster including the right inferior parietal lobule (IFP) and temporoparietal junction (TPJ); a cluster centered on the precuneus; and a smaller cluster in the caudate. In terms of the main effect of group, those with BPD had greater activation in numerous areas including the precuneus, mPFC, and a cluster including the right angular gyrus and TPJ. The control group had greater activation in occipital areas, precentral gyrus, supramarginal gyrus, superior parietal lobule, IFG, SMA and left TPJ. Cluster peaks from selected brain areas are presented in figure 2.
To rule out the possibility that we failed to detect significant group-task interactions because of our stringent whole-brain statistical threshold, we used a small-volume correction to within regions involved in self-representation according to a meta-analysis of relevant studies (described above). Nevertheless, we did not find any significant activation for any of the interactions at this more liberal statistical threshold, using the more focused approach described in the methods section. As a consequence, results from the whole-brain ANOVA were retained.
Mediation
Greater BOLD signal in the lingual gyrus, other visual areas, the IFG, ACC, and supramarginal gyrus in the HC control group was mediated by greater consistency in representing oneself and others. Greater activation for the BPD group in the temporal pole and other temporal areas, precuneus, mPFC, insula and parahippocampal gyrus (see table 5), regions thought to support reflecting on self and others, was mediated by their poorer consistency.
Relationship to Depressive Symptomology and Medication Use
In order to examine the effect of depressive symptoms and medication use on brain activation, we isolated each of the clusters from the main effect of group from our ANOVA analysis and extracted mean activation from each of these ROIs for each participant. Using multilevel models, we ran a 2×2×2 ANOVA (group x self-other x first-third) for each ROI, entering BDI-II (Beck, Steer, Ball, & Ranieri, 1996) summary scores and medication use (yes/no) as potential covariates. Group effects in all ROIs remained significant after adjusting for these covariates. We duplicated this analysis on ROIs from the mediation analysis with the same result and found that group-related mediated effects were robust to these covariates.
Discussion
We sought to investigate the nature of self-and other-representational disturbance in BPD using a number of methods. We hypothesized that a) individuals with BPD, compared to controls, would have more complex, but less integrated and more negative selfrepresentations, b) individuals would show poorer maintenance of self-and otherrepresentations for personality, but not physical traits, and poor self-other differentiation, and c) that, on a neural level, individuals with BPD would evidence neural abnormalities, but not specifically to conditions of self or other. Additionally, based on hypothesis C, we expected that self-and other-representation maintenance, across self and others, would mediate activation in regions comprising mirror-neuron and CMS neural networks. With our card-sort task, we found that individuals with BPD sorted more self-aspects, but each sort tended to be more compartmentalized by valence, rather than integrated, and more negative as a whole. BPD patients also evidenced less maintenance of self and other personality representations over a 3-hour period. In addition, using fMRI, we found the BPD group displayed differences in brain regions related to social cognition and self-reflection, though did not evidence specific abnormalities for any single condition. Mediation analyses revealed that greater activation in visual, sensory, motor, and mirror neuron regions in the control group were mediated, in part, by better personality representation maintenance. In contrast, greater activation by the BPD group in the regions crucial to mentalization and self-other representation were mediated by relative inconsistency in self and other personality representations.
Across levels of analysis, our results paint a convergent pattern of self and social cognition in BPD. In this study, complexity mixed with relatively less organization appears to characterize the social cognition of individuals with BPD. Participants with BPD identified more self-aspects during the card-sort task, and yet this additional complexity was mixed with less integration of self-aspects, less well-defined boundaries between self and other (self-report), and poorer maintenance of personality representations of oneself and others (representation maintenance task). The neural results are consistent with previous reports of hyperactivation in areas related to mentalization (e.g., mPFC, precuneus) and other social cognition in BPD (e.g., Domsalla et al., 2013; Ruocco et al., 2010) . Interestingly, the neural hyperactivation displayed by the BPD group was not modulated by condition, but rather was a main effect of group. Previous reports signal similar insensitivity to task conditions in BPD (e.g, Domsalla et al., 2013) . In addition, BPD group hyperactivation was associated with a poorer stability in social representation over time, a measure found by previous research to be associated with well-being, self-esteem and ability to resist merging emotionally and cognitively with others (e.g., Morse & Gergen, 1970) . Others have speculated that hyperactivation, particularly in the mPFC, among individuals with BPD is a neural marker of hypermentalization, a tendency to form more complex interpretations and attributions of other's behavior than seems warranted by data (Sharp et al., 2011) . Given the current pattern of greater activation and poorer performance, a similar, more complex/ abstract approach to reflecting on self and others may explain difficulties individuals with BPD have with self and other representation. Further research, using non-social contrasts and behavioral measures of hypermentalization are needed to confirm such a proposal.
We asked whether there is evidence of a selective impairment related to self in BPD. Because we used exclusively social conditions in our fMRI task, rather than a non-social control condition, the main effects of group are more difficult to interpret. However, taskbased group differences (main effects not modulated by condition) between BPD participants and controls were in brain areas central to social cognition. The BPD group displayed hyperactivation in three of four areas (mPFC, TPJ, and precuneus) named by Legrand and Ruby as central to social evaluation. In addition, the main effects of self versus other and third versus first conditions were robust, and consistent with previous reports, insuring the task worked as anticipated. The dearth of group x condition findings, even at liberal thresholds, underscores the need to further investigate the lack of specificity of selfdisturbance in BPD, particularly because another of our findings supports this idea (the BPD group was less consistent in personality-based representations of both self and others).
Card Sort Indices
Previous research, generally using projective measures, has found that individuals with BPD have complex representations of others, make illogical and malevolent attributions toward others and tend to see others in terms of need-gratification (e.g., Blatt & Lerner, 1983; Westen, Lohr, Silk, Gold, & Kerber, 1990) . Our results extend these findings by focusing on self-representation in BPD. Individuals with BPD differed from controls on three of four indices on the self-aspects card sort -Number of Aspects, Compartmentalization and Proportion Positive. The groups did not differ on Overlap (a measure of integration of content across self-aspects). Given that theorists describe poor integration along valence, rather than content, per se (Bender & Skodol, 2007) , this finding is not surprising. Interestingly, the BPD group sorted more self-aspects on average. Healthy self-complexity has been previously defined as a high number of self-aspects, coupled with high content integration. The BPD group evidenced complexity in self-representation as expressed through more self-aspects, but showed poorer integration across valence. Donahue and colleagues (Donahue, Robins, Roberts, & John, 1993) have differentiated healthy selfcomplexity from fragmented self-aspects, present when there is a lack of integration evident across aspects. The latter is associated with BPD-like outcomes: low self-esteem, loneliness, dissociation and depression. Though individuals with BPD generated more self-aspects, these aspects were more fragmented in terms of valence.
Maintaining representation of self and other
Bender and Skodol (Bender & Skodol, 2007 ) described a core difficulty of BPD as the ability to create and maintain integrated self-and other-representations (see figure 1) . We asked participants to rate themselves and a close other on personality and physical traits at two time points separated by three hours. Participants with BPD were less consistent in their ratings of personality traits, but not physical traits. Thus, this group difference is specific in that individuals with BPD are less reliable in generating abstract representations of self and others, but comparable in generating concrete representations. Interestingly, this effect was found after only a short time period and with no emotional perturbation. The mechanism of this greater slippage in representations is unclear. However, with our mediation analysis, we found several brain regions that were mediated by representational maintenance. Increased activation by the control group in areas that are part of the cortical midline system (dACC) and mirror-neuron system (Supramarginal gyrus, inferior frontal gyrus, postcentral gyrus) was mediated by greater representational consistency. These networks crucially interact for the creation and maintenance of both physical and abstract and evaluative representations of self and others. Poorer representational maintenance in the BPD group mediated greater activation in the core regions of the default mode network (mPFC, Precuneus, parahippocampal gyrus). Given previous reports have found greater activation in BPD in the mPFC and other regions in BPD during social tasks (e.g., Domsalla et al., 2013) , it may be that individuals with BPD exhibit hyperactivity in this network during social tasks, which impairs social cognition.
Self-report
As expected, individuals with BPD and healthy controls differed on all scales of the DSI -"I" Position, Emotional Reactivity, Fusion With Others and Emotional Cuttoff -supporting the hypothesis that individuals with BPD have more difficulty with self and other differentiation. Some of the scales of the DSI appear to directly target BPD symptoms. However, the emotional reactivity scale, for instance, generally measures reactivity in social contexts (e.g., 'I often wonder what kind of impression I create'), suggesting more of a difficulty in disentangling emotionally and cognitively from others compared to the DSM symptom of emotional instability. Given the results of this measure, individuals with BPD see themselves as having more difficulty disentangling form others emotionally, have greater difficulty maintaining a strong sense of self in the presence of others ('I' Position), feel a need to separate from others emotionally ('Emotional Cutoff') and have difficulty achieving psychological distance from close others ('Fusion with Others'). These findings are consistent with previous research (e.g, de Bonis et al., 1995) .
Neural results of social reflection
Because our ANOVA did not find significant group x condition differences, we interpreted the main effects of each factor, self v. other, first v. third, and group. Consistent with previous reports of brain regions supporting self-representation (Legrand & Ruby, 2009 ), we found, across groups, that making trait judgments about oneself versus close others resulted in greater activation in the medial prefrontal cortex (mPFC), anterior cingulate cortex (ACC), right inferior parietal lobule (IFP), right temporoparietal junction (TPJ), precuneus, and caudate. The mPFC is activated when thinking about thoughts and intentions, and other social cognitive activities (Gilbert et al., 2006) . The IFP and TPJ have been shown to be involved in self-other discrimination (Kelley et al., 2002; Uddin et al., 2007) , while the precuneus is involved in self-consciousness and self-awareness (Cavanna & Trimble, 2006) . The main effect of taking a third-person versus first-person perspective was also consistent with previous findings. Taking the perspective of a friend activated areas of the lingual gyrus, other occipital areas, precuneus, and angular gyrus. The lingual gyrus is likely involved in accessing a mental picture of another (Jackson, Meltzoff, & Decety, 2006) , whereas the precuneus and angular gyrus are active in perspective taking, and other social cognitive tasks (Ruby & Decety, 2003) .
While differences in brain activation were evident between BPD and control groups throughout the task, group differences in brain activation were not evident when comparing groups by condition. During social-representation as a whole, the BPD group evidenced greater activation in areas known to support self-and other-representation including the precuneus, mPFC, and a cluster including the Angular Gyrus and rTPJ. In addition, the BPD group showed greater activation in three clusters located in the frontal pole, a region supporting internal abstract evaluation. The control group had greater activation in areas related to visual processing, sensory and motor processing (precentral gyrus, supramarginal gyrus), retrieval of episodic memories (superior parietal lobule), mirror neuron regions (IFG, SMA) and regions for discerning intentions of others (lTPJ). This pattern suggests the possibility that controls were more reliant on integration of streams of information from multiple domains during the task. At the same time, the BPD group had relatively less recruitment of sensory, motor, episodic memory and mirror neuron regions. This pattern of activation may suggest excessive attempts to understand self and other that are, however, less grounded in concrete representations based on visual, episodic, sensory and mental state information. Because of the limitations of our fMRI design, these suggestions need to be verified with further research.
Strengths and Limitations
The current study had a number of strengths. First, it examined an important aspect of BPD that has been written about extensively, but largely neglected by researchers. Second, we utilized methods from social-personality psychology and technical and statistical advances from social neuroscience to better understand self-disturbance in BPD. Third, we assessed aspects of the self at phenomenological, neural, and behavioral levels, allowing for a multimethod examination of social cognition. A number of limitations were also notable. Participants were taking medications and enrolled in psychotherapy, both of which alter brain function and behavior. However, the use of unmedicated samples, who are naïve to treatment is problematic, too, in that these samples are often non-representative (Zanarini et al., 2010) . Similar to other fMRI studies involving BPD patients, the diversity of medications is a complicating factor but also guards against the systematic affects of a particular class of medications (Silbersweig et al., 2007) . In addition, we allowed participants with current alcohol use disorders into the study and did not provide tests of insobriety on the day of the scan. A final limitation is that we did not include an active task with which we could compare neural activation related to self-and other-representation, but instead relied on baseline fixation activation. Group differences may not just be related to self-and other-representation, but also activation related to being "on-task".
Conclusion
This study was a novel investigation of disrupted representations of oneself and others in BPD. We found that individuals with BPD had poor temporal consistency in self and other representations, reported poor differentiation between self and others, and had more complex, though unintegrated, and negative self-representations. In addition, BPD participants evidenced hyperactivation in a network supporting self-and otherrepresentation during the representation task as a whole. As with our behavioral results, we found little evidence of specific self-representation neural processing abnormalities in BPD. The present results suggest that individuals with BPD may utilize more complex strategies for representing self and others that are less well organized. Means and standard errors for the self and other representational maintenance task. Individual with BPD had lower consistency specific to personality traits over three hours. Table 3 Correlations among self measures and BPD Representational Maintenance = correlation of ratings of personality traits across a 3 hour period. Self Differentiation Total, Emotional Reactivity, "I" Position, Emotional Cutoff, and Fusion with others = Differentiation of Self Inventory. Number of Aspects, Compartmentalization, Proportion of Cards Positive = Self-Aspects Card Sort Task. BPD dimensional scores from clinician rated IPDE.
High score = high self-differentiation, low emotion reactivity, high "I" position, low emotional cutoff, low fusion with others, high overlap (less complexity), greater # of aspects, more compartmentalization (less integration), greater proportion of cards positive.
Beeney et al. Page 24 Table 4 ANOVA main effects, whole brain analyses Table 5 Brain areas in which group difference activation is mediated by personality representation maintenance scores Note. Theshold p < .001, k=30, corrected. All indirect effects represent full mediation. After controlling for ab paths, no group -> BOLD associations were significant at p <.05. Better maintenance of representations among the control group was associated with greater activation in the lingual gyrus and other occipital areas, mirror neuron regions (IFG, Supramarginal gyrus, Postcentral Gyrus, dACC), and the frontal pole. Poor maintenance of representations among the BPD group was associated with greater activation in regions for abstract aspects of mentalization, including the precuneus, mPFC, temporal pole and insula, and the parrahippocampal gyrus.
